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EP0 609 003 A1 

This invention is generally directed to liquid developer compositions. 

A latent electrostatic image can be developed with toner particles dispersed in an insulating nonpolar liquid 
The aforementioned dispersed materials are known as liquid toners or liquid developers. A latent electrostatic 
image may be produced by providing a photoconductive layer with a uniform electrostatic charge and subse- 

5 quently discharging the electrostatic charge by exposing it to a modulated beam of radiant energy. Other meth- 
ods are also known for forming latent electrostatic images such as, for example, providing a carrier with a di- 
electric surface and transferring a preformed electrostatic charge to the surface. After the latent image has 
been formed, it is developed by colored toner particles dispersed in a nonpolar liquid. The image may then 
be transferred to a receiver sheet. 

10 Useful liquid developers can comprise a thermoplastic resin and a dispersant nonpolar liquid. Generally, 

a suitable colorant, such as a dye or pigment, is also present. The colored toner particles are dispersed in a 
nonpolar liquid which generally has a high volume resistivity in excess of 109 ohm-centimeters, a low dielectric 
constant, for example below 3.0, and a high vapor pressure. Generally, the toner particles are less than 30 
^m average by area size as measured using the Malvern 3600E particle sizer. 

IS Since the formation of proper images depends, for example, on the difference of the charge between the 

toner particles in the liquid developer and the latent electrostatic image to be developed, it has been found 
desirable to add a charge director compound and charge adjuvants which increase the magnitude of the 
charge, such as potyhydroxy compounds, amino alcohols, polybutylene succinimide compounds, aromatic hy- 
drocarbons, metallic soaps, and the like to the liquid developer comprising the thermoplastic resin, the nonpolar 

20 liquid and the colorant 

The image quality, solid area coverage and resolution for developed images usually require sufficient toner 
particle electrop heretic mobility. The mobility for effective image development is primarily dependent on the 
imaging system used. The elect rophoretic mobility is primarily directly proportional to the charge on the toner 
particles and inversely proportional to the viscosity of the liquid developer fluid A 10 to 30 percent change in 

25 fluid viscosity caused, for instance, by a 5 to IS^'C decrease in temperature could result in a decrease in image 
quality, poor image development and background development, for example, because of a 5 percent to 23 per- 
cent decrease in electrophoretic mobility. Insufficient particle charge can also result in poor transfer of the 
toner to paper or other final substrates. Poor or unacceptable transfer can result in, for example, poor solid 
area coverage if insufficient toner is transferred to the final substrate and can also lead to image defects such 

30 as smears and hollowed fine features. 

An object of the present invention is to provide a liquid developer wherein developed image defects such 
as smearing, loss of resolution and loss of density are eliminated, or minimized. 

To overcome or minimize such problems, the liquid toners of the present invention were arrived at after 
extensive research efforts, and which toners result in. for example, sufficient particle charge for transfer and 

35 maintain the mobility within the desired range of the particular imaging system employed. Advantages asso- 
ciated with the present invention include increasing the desired negative charge on the developer particles 
and in embodiments providing a charge adjuvant, also referred to as a charge additive, that is superior to other 
charge adjuvants, like aluminum stearate. The superior charge can result in improved image development and 
superior image transfer. 

40 Accordingly, the present invention provides a liquid developer as claimed in any one of the appended 

claims. 

In one embodiment the invention provides a negatively charged liquid developer wherein there is selected 
as charge adjuvants metal, such as aluminum hydroxycarboxylic acids. 

In another embodiment of the present invention provides in the provision of negatively charged liquid to- 

45 ners with metal hydroxycarboxylic acid complexes, and wherein in embodiments enhancement of the negative 
charge of NUCREL<S) based toners, especially cyan toners, is enhanced. 

Embodiments of the present invention relate to a liquid developer comprised of a liquid, thermoplastic resin 
particles, a nonpolar liquid soluble charge director, and a charge adjuvant comprised of a metal, such as an 
aluminum hydroxycarboxylic acid; a liquid developer comprised of a nonpolar liquid, thermoplastic resin par- 

50 tides, a nonpolar liquid soluble ionic or zwitterionic charge director, and a charge adjuvant comprised of an 
aluminum hydroxycarboxylic acid, or mixtures thereof; a liquid electrostatographic developer comprised of a 
nonpolar liquid, thermoplastic resin particles, a nonpolar liquid soluble ionic or zwitterionic charge director com- 
pound, and a charge adjuvant comprised of an aluminum hydroxycarboxylic acid, or mixtures thereof; or a liquid 
electrostatographic developer comprised of (A) a nonpolar liquid having a Kauri*butanol value of from about 

55 5 to about 30, and present in a major amount of from about 50 percent to about 95 weight percent, (B) ther- 
moplastic resin particles having an average volume particle diameter of from about 5 to about 30 microns. (C) 
a nonpolar liquid soluble ionic or zwitterionic charge director compound, and (D) a charge adjuvant comprised 
of aluminum hydroxycarboxylic acid, the corresponding hydrates, or mixtures thereof. 

2 
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In a preferred embodiment the hydroxycartoxytic acid charge adjuvant is aluminium alkylsalicylic acid. In 
one emt)odiment the hydroxycarboxylic acid charge adjuvant is aluminium dl-tertiary-butytsalicyllc acid. 

Examples of specific charge adjuvants present in various effective amounts of, for example, from about 
0.25 to about 15, and preferably from about 0.5 to about 5 weight percent include certain salicylic acids and 

5 the derivatives thereof, such as 3-, 4-, or 5-methyl salicylic acid, 5-t-butylsalicylic acid, 3-isopropylsalicylic acid, 
3,5-di-isopropytsalicy1ic acid, 3-isopropyl-6-methylsalicyltc acid, 3-t-butyl-5-methylsaltcylic acid, 3-t-butyl-6- 
methytsalicylic acid and the like. Also included are derivatives of hydroxy naphthoic acid derivatives, such as 
1-hydroxy-2-naphthoic acid, 2-hydroxyl-1-naphthoic acid, 3-hydroxy-2-naphthoic acid and the like. And also 
included are aliphatic a or p-hydroxy carboxylic acids, such as gtycolic acid, mandelic acid, benziiic acid, lactic 

10 acid, atrotactic acid, malic acid, citric acid. Isodtric acid, and the like. Further, In embodiments there may be 
selected mixtures of aluminum hydroxycarboxylic acids with different molar ratios, such as 1:1, 1:2, 1:3, and 
the like wherein the first number 1 represents the metal, such as aluminum, especially aluminum (111), and the 
second number represents the hydroxy carboxylic acid portion. Thus, mixtures with from about 50 to about 
70 weight percent of the 1 :2, from about 35 to about 20 of the 1:3, and from about 10 to about 5 of the 1:1 can 

15 be selected. 

Examples of liquid carriers selected for the developers of the present invention include a liquid with vis- 
cosity of from about 0.5 to about 500 centipoise, preferably from atx)ut 1 to about 20 centtpoise, and a resistivity 
greater than or equal to 5 x 10^ ohm/centimeters, such as 10^^ ohm/cm or more. Preferably, the liquid selected 
in embodiments is a branched chain aliphatic hydrocarbon A nonpolar liquid of the ISOPAR® series (manu- 

20 factured by the Exxon Corporation) may also be used for the developers of the present invention. These hy- 
drocarbon liquids are considered narrow portions of isoparaffinic hydrocarbon fractions with extremely high 
levels of purity. For example, the boiling range of ISOPAR G® is between about 157''C and about 176°C; ISO- 
PAR H® is between about 176«C and about 191 **C: ISOPAR K® is between about 177^C and about 197«C. 
ISOPAR L® is between about 188^'C and about 206''C, ISOPAR M® is between about 207''C and about 254^0; 

25 and ISOPAR V® is between about 254.4''C and about 3294''C. ISOPAR L® has a mid-boiling point of approx- 
imately 194*^0. ISOPAR M® has an auto Ignition temperature of 338*^0. ISOPAR G® has a flash point of 40*^0 
as determined by the tag closed cup method; ISOPAR H® has a flash point of 53^*0 as determined by the ASTM 
D-56 method; ISOPAR L® has a flash point of 61 °C as determined by the ASTM D-56 method; and ISOPAR 
M® has a flash point of 80**C as determined by the ASTM D-56 method. The the liquids selected are known 

30 and should have an electrical volume resistivity in excess of 10^ ohm-centimeters and a dielectric constant 
below or equal to 3.0. Moreover, the vapor pressure at 25^0 should be less than or equal to 1 0 Torr In embodi- 
ments. 

While the ISOPAR® series liquids are the preferred nonpolar liquids in embodiments for use as dispers- 
ants in the liquid developers of the present invention, the important characteristics of viscosity and resistivity 

35 can be achieved it is believed with other suitable liquids. Specifically, the NORPAR® series available from 
Exxon Corporation, the SOLTROL® series from the Phillips Petroleum Company, and the SHELLSOL® series 
from the Shell Oil Company can be selected. 

The amount of the liquid employed in the developer of the present invention is from about 90 to about 99.9 
percent, and preferably from about 95 to about 99 percent by weight of the total developer dispersion. The total 

40 solids content of the developers is. for example, 0.1 to 10 percent by weight, preferably 0.3 to 3 percent, and 
more preferably. 0.5 to 2.0 percent by weight. 

Any suitable thermoplastic toner resin can be selected for the liquid developers of the present invention 
In effective amounts of. for example, in the range of 99 percent to 40 percent of developer solids, and preferably 
95 percent to 70 percent of developer solids; developer solids includes the thermoplastic resin, optional pig- 

45 ment and charge control agent and any other component that comprises the particles. Examples of such resins 
include ethylene vinyl acetate (EVA) copolymers (ELVAX® resins, E.l. DuPont de Nemours and Company, Wil- 
mington. Del.); copolymers of ethylene and an a-p-ethylenically unsaturated acid selected from the group con- 
sisting of acrylic acid and methacrylic acid; copolymers of ethylene (80 to 99.9 percent), acrylic or methacrylic 
acid (20 to 0.1 percent)/alkyl (Ci to C5) ester of methacrylic or acrylic acid (0.1 to 20 percent); polyethylene; 

50 polystyrene; isotactic polypropylene (crystalline); ethylene ethyl acrylate series sold under the trademark BA- 
KELITE® DPD 6169, DPDA6182 Natural (Union Carbide Corporation); ethylene vinyl acetate resins, for ex- 
ample DQDA6832 Natural 7 (Union Carbide Corporation); SURLYN® ionomer resin (E.I. DuPont de Nemours 
and Company); or blends thereof; polyesters; polyvinyl toluene; polyamides; styrene/butadiene copolymers; 
epoxy resins; acrylic resins, such as a copolymer of acrylic or methacrylic acid and at least one alkyi ester of 

55 acrylic or methacrylic acid wherein atkyi is from 1 to about 20 carbon atoms like methyl methacrylate (50 to 
90 percent)/methacrylic acid (0 to 20 percent/ethylhexyl acrylate (10 to 50 percent); and other acrylic resins 
including ELVACITE®, acrylic resins (E.l. DuPont de Nemours and Company); or blends thereof. Preferred 
copolymers are the copolymer of ethylene and an u-p-ethylenically unsaturated acid of either acrylic acid or 

3 
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methacryllc add. In a preferred embodiment NUCREL®. like NUCREL® 599. NUCREL® 699. or NUCREL® 
960 are selected as the thermoplastic resin. 

The liquid developer of the present invention may optionally-contain a colorant dispersed in the resin par- 
ticles Colorants, such as pigments or dyes and mixtures thereof, are preferably present to render the latent 
5 image visible. 

The colorant may be present in the resin particles in an effective amount of. for example, from about 0 1 
to about 60 percent, and preferably from atx>ut 1 to about 30 percent by weight based on the total weight of 
solids contained in the developer. The amount of colorant used may vary depending on the use of the developer. 
Examples of colorants include pigments like carbon blacks like REGAL 330®. cyan, magenta, yellow, red. blue, 
10 green, brown and mixtures thereof; pigments as illustrated in copending European Patent Applicatbn No. 92 
311 661.0, and more specifically, the following 
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PIGMENT BRAtsiO NAME 


MANUFACTURER 


COLOR 


5 


Permanent Yellow DHG 


Hoechst 


Yellow 12 




Permanent Yellow GR 


Hoechst 


Yellow 13 




Permanent Yellow G 


Hoechst 


Yellow 14 


10 


Permanent Yellow NCG-71 


Hoechst 


Yellow 16 




Permanent Yellow GG 


Hoechst 


Yellow 17 




L74-1357 Yellow 


Sun Chemical 


Yellow 14 


IS 


L75-133T Yellow 


Sun Chemical 


Yellow 17 




Hansa Yellow RA 


Hoechst 


Yellow 73 




Hansa Brilliant Yellow 5GX-02 


Hoechst 


Yellow 74 


20 


DALAMAR^ YELLOW YT-858-D 


Heubach 


Yellow 74 




Hansa Yellow X 


Hoechst 


Yellow 75 




NOVAPERM^ YELLOW HR 


Hoechst 


Yellow 83 




L75-2337 Yellow 


Sun Chemical 


Yellow 83 




CROMOPHTHAU^ YELLOW 3G 


Ciba-Geigy 


Yellow 93 




CROMOPHTHAU^ YELLOW GR 


Ciba-Geigy 


Yellow 95 


30 


NOVAPERM*» YELLOW FGL 


Hoechst 


Yellow 97 




Hansa Brilliant Yellow lOGX 


Hoechst 


Yellow 98 




LUMOGEN*^ LIGHT YELLOW 


BASF 


Yellow 110 


35 


Permanent Yellow G3R-01 


Hoechst 


Yellow 114 




CROMOPHTHAL^ YELLOW 8G 


Ciba-Geigy 


Yellow 128 




IRGAZINE*® YELLOW 5GT 


Ciba-Geigy 


Yellow 129 


40 


HOSTAPERM^' YELLOW H4G 


Hoechst 


Yellow 151 




HOSTAPERM^ YELLOW H3G 


Hoechst 


Yellow 154 




HOSTAPERM« ORANGE GR 


Hoechst 


Orange 43 


45 


PALIOGEN^ORANGE 


BASF 


Orange 51 


IRGALITE^^ RUBINE4BL 


Ciba-Geigy 


Red 57:1 




QUINDO'*^ MAGENTA 


Mobay 


Red 122 


50 


INDOFAST<«i^ BRILLIANT SCARLET 


Mobay 


Red 123 




HOSTAPERM^**^ SCARLET GO 


Hoechst 


Red 168 




Permanent Rubine F6B 


Hoechst 


Red 184 


55 


MONASTRAL^a^ MAGENTA 


Ciba-Geigy 


Red 202 
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PIGMENT BRAND NAME 


MANUFACTURER 


COLOR 


O 


MONASTRAL*^ SCARLET 


Ciba-Geigy 


Red 207 




HkLIOvacN**^ BLUE L 690 ir 


BASF 


Blue 15:2 




HELIOGEN*^ BLUE TBD 7010 


BASF 


Blue:3 


10 


HELIOGEN'^ BLUE K 7090 


BASF 


Blue 15:3 




HELIOGEN*^ BLUE L 7101F 


BASF 


Blue 15:4 




HELIOGEN^ BLUE L 6470 


BASF 


Blue 60 


IS 


HELIOGEN*^ GREEN K 8683 


BASF 


Green 7 




HELIOGEN*' GREEN L 9140 


BASF 


Green 36 




MONASTRAU** VIOLET 


Ciba-Geigy 


Violet 19 


20 


MONASTRAL*^ RED 


Ciba-Geigy 


Violet 19 




OUINDO'^ RED 6700 


Mobay 


Violet 19 




QUINDO*^ RED 6713 


Mobay 


Violet 19 


25 


INDOFAST® VIOLET 


Mobay 


Violet 19 




MONASTRAL^ VIOLET 


Ciba-Geigy 


Violet 42 




Maroon B 






30 


STERLING^ NS BLACK 


Cabot 


Black 7 


STERLING^ NSX76 


Cabot 






TIPURE^ R-101 


DuPont 


White 6 


35 


MOGUU^L 


Cabot 


Black, CI 77266 




UHLICH-^> BK 8200 


Paul Uhhch 


Black 



40 In one embodiment the charge director is present in an amount from about 2 to about 10 weight percent 

and there is enabled a negatively charged toner. 

Suitable nonpoiar liquid soluble ionic or zwitterionic charge director compounds which are selected in va- 
rious effective amounts such as about 0.25 to 1 .500 milligrams/gram, preferably 2.5 to 400 milligrams/gram 
based on the amount of developer solids comprised of resin, pigment, and charge adjuvant, Include anioic gly- 

45 ceride, such as EMPHOS D70-30C™ and EMPHOS F27-85™;two products available from Witco Corporation, 
New York, NY; which are sodium salts of phosphated mono and diglycerides with unsaturated and saturated 
acid substituents. respectively, lecithin. BASIC BARIUM PETRONATE®, NEUTRAL BARIUM PETRONATE®, 
CALCIUM PETRONATE®, NEUTRAL CALCIUM PETRONATE®, oil soluble petroleum sulfonates. Witco Cor- 
poration, New York, NY; and metallic soaps such as barium, calcium, lead, and zinc stearates; cobalt, manga- 

50 nese. lead, and zinc llnoleates, calcium and cobalt octoates; quaternary ammonium block copolymers as illu- 
strated, for example, in US-A-5,035,972. the disclosure of which is totally incorporated herein by reference, 
and the like. 

The charge on the toner particles alone may be measured In terms of particle mobility using a high field 
measurement device. Particle mobility is a measure of the velocity of a toner particle in a liquid developer div- 
55 ided by the size of the electric field within which the liquid developer is employed. The greater the charge on 
a toner particle, the faster it moves through the electrical field of the development zone. The movement of the 
particle is required for image development and background cleaning. 

Toner particle mobility can be measured using the elect roacoustics effect, the applicatton of an electric 

6 
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field, and the measurement of sound reference Oja et. al. US-A-4,497,20d, the disclosure of which is totally 
incorporated herein by reference. This technique is particularly useful for nonaqueous dispersions k>ecause 
the measurements can be made at high volume loadings, for example, greater than or equal to 1 .5 to 1 0 weight 
percent. Measurements made by this technique have been shown to correlate with image quality, for example 

5 high mobilities can lead to improved image density, resolution and improved transfer efficiency. Residual con- 
ductivity, that is the conductivity from the charge director, is measured using a low field device as illustrated 
in the following Examples. 

The liquid electrostatic developer of the present invention can be prepared by a variety of known processes 
such as, for example, mixing in a nonpoiar liquid the thermoplastic resin, nonpolar liquid charging additive and 

10 colorant in a manner that the resulting mixture contains, for example about 15 to about 30 percent by weight 
of solids; heating the mixture to a temperature from about lO'^C to about 130°C until a uniform dispersion Is 
formed; adding an additional amount of nonpolar liquid sufficient to decrease the total solids concentration of 
the developer to about 10 to 20 percent by weight; cooling the dispersion to about 10**C to about 50°C; adding 
the charge adjuvant compound to the dispersion; and diluting the dispersion. 

IS In the initial mixture, the resin, colorant and charge adjuvant may be added separately to an appropriate 

vessel such as, for example, an attritor, heated ball mill, heated vibratory mill, such as a Sweco Mill manufac- 
tured by Sweco Company, Los Angeles, CA, equipped with particulate media for dispersing and grinding, a 
Ross double planetary mixer (manufactured by Charles Ross and Son, Hauppauge, NY), or a two roll heated 
mill, which requires no particulate media. Useful particulate media include particulate materials like a spherical 

20 cylinder selected from the group consisting of stainless steel, carbon steel, alumina, ceramic, zirconia. silica 
and sitlimanite Carbon steel particulate media are particularly useful when colorants other than black are used. 
Atypical diameter range for the particulate media is in the range of 0.04 to 0.5 inch (approximately 1 0 to ap- 
proximately 13 millimeters). 

Sufficient, nonpolar liquid is added to provide a dispersion of from about 15 to about 50 percent solids 

25 This mixture is subjected to elevated temperatures during the initial mixing procedure to plasticize and soften 
the resin. The mixture is sufficiently heated to provide a uniform dispersion of all solid materials, that Is colo- 
rant, adjuvant and resin. However, the temperature at which this step is undertaken should not be so high as 
to degrade the nonpolar liquid or decompose the resin or colorant when present. Accordingly, the mixture is 
heated to a temperature of from about 70**C to about 130**C, and preferably to about 75**C to about 110°C. The 

30 . mixture may be ground in a heated ball mill or heated attritor at this temperature for about 15 minutes to 5 
hours, and preferably about 60 to about 180 minutes. 

After grinding at the above temperatures, an additional amount of nonpolar liquid may be added to the 
dispersion. The amount of nonpolar liquid to be added at this point should be an amount sufficient to decrease 
the total solids concentration of the dispersion to from about 10 to about 20 percent by weight. 

35 The dispersion is then cooled to about lO^'C to about 50''C, and preferably to about IS^'C to about 30''C, 

while mixing is continued until the resin admixture solidifies or hardens. Upon cooling, the resin admixture 
precipitates out of the dispersant liquid. Cooling is accomplished by methods such as the use of a cooling fluid, 
such as water, ethylene glycol, and the like in a jacket surrounding the mixing vessel. Cooling may be acconv 
plished, for example, in the same vessel, such as the attritor, while simultaneously grinding with particulate 

40 media to prevent the formatk)n of a get or solid mass; without stirring to form a gel or solid mass, followed by 
shredding the gel or solid mass and grinding by means of particulate media, or with stirring to form a viscous 
mixture and grinding by means of particulate media. The resin precipitate is cold ground for about 1 to 36 hours, 
and preferably 2 to 6 hours. Additional liquid may be added at any step during the preparation of the liquid 
developer to facilitate grinding or to dilute the developer to the appropriate percent solids needed for develop-^ 

45 ing. Methods for the preparation of toners that can be selected are illustrated in US-A-s4.760,009; 5,017,451 ; 
4,923.778 and 4,783,389, the disclosures of which are totally incorporated herein by reference. 

Methods of imaging are also encompassed by the present invention wherein after formation of a latent 
image on a photoconductive imaging member the image is developed with the liquid toner by, for example, 
immersion of the photoconductor therein, followed by transfer and fixing of the image. 

so The invention will further be illustrated in the following nonlimiting Examples, it being understood that 

these Examples are intended to be illustrative only and that the invention is not intended to be limited to the 
materials, conditions, process parameters and the like recited herein The conductivity of the liquid toner dis> 
perstons and charge director solutions were determined with a Scientif ica 627 Conductivity Meter (Sclentifica, 
Princeton, NJ). The measurement signal for this meter is a low distortion 18 hz sine wave with an amplitude 

55 of 5 4 to 5.8 volts rms. Toner particle mobilities and zeta potentials were determined with a MBS-8000 elec- 
trokinetic sonic analysis (ESA) system (Matec Applied Science Hopkinton, MA). The system was calibrated in 
the aqueous mode per manufacturer's recommendation to give an ESA signal corresponding to a zeta potential 
of -26 mv for a 10 percent (v/v) suspension of LUDOX^ (DuPont). The system was then set up for nonaqueous 

7 
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measurements. The toner particle mobility is dependent on a number of factors including particle charge and 
particle size. The ESA system also calculates the zeta potential which is directly proportional to toner charge 
and is independent of particle size Partide size was measured by two methods: (1) The Malvern 3600E Par- 
ticle Sizer manufactured by Malvern. Southborough, MA uses laser diffraction light scattering of stirred sam- 
5 pies to determine average particle sizes; and (2) Horiba CAPA-500 centrifugal automatic particle analyzer, 
manufectured by Horiba Instruments, Inc, Irvine. CA. Since the Malvern and Horiba instruments use different 
techniques to measure average particle size, the readings may differ. The following correlation of the average 
size of toner particles (average volume diameter of resin, pigment, and charge additive mixture product) in 
microns for the two instruments was 



10 



20 



VALUE DETERMINED BY MALVERN 3600E 
PARTICLE SIZER 


EXPECTED RANGE FOR HORIBA CAPA-500 


30 


9.9 +/-3.4 


20 


6.4 +/-1.9 


15 


4.6+/-1.3 


10 


2.8 +/-0.8 


5 


1.0 +/-0.5 


3 


0.2 +/-0.6 



Specific embodiments of the invention will now be described in detail. These Examples are intended to 
be illustrative, and the Invention is not limited to the materials, conditions, or process parameters set forth in 
these embodiments. All parts and percentages are by weight unless otherwise Indicated. Control Examples 
are also provided. 

CONTROL 1 

Twenty-seven (27) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt 
index at 190''C of 500 dg/minute, available from E.I. DuPont de Nemours & Company, Wilmington, DE), 3 
grams of the cyan pigment (NBD 7010, BASF, Holland, Ml) and 170 grams of NORPAR 15®, carbon chain of 
15 average (Exxon Corporation) are added to a Union Process 01 attritor (Union Process Company, Akron, 
Ohio) charged with 0.1857 inch (4.76 millimeters) diameter carbon steel balls. The mixture was milled in the 
attritor which was heated with running steam through the attritor jacket at 70 to lOO^C for 1 hour and cooled 
by running water through the attritor jacket to 15°C and ground in the attritor for an additional 4 hours. Addi- 
tional NORPAR 15® was added and the mixture was separated by the use of a metal grate from the steel balls 
yielding 350 grams of 1 .61 percent solids by weight. The particle size was 7.2 microns for the V (50) (the volume 
weighted average partide size) measured with a Malvern 3600E particle size analyzer 0.562 gram of BASIC 
BARIUM PETRONATE® (Witco Chemical Corporation, New York, NY) was added to the dispersion. The mo- 
bility of the toner was measured and the result is presented hereinafter. 

CONTROL 2 

Two hundred (200) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt 
index at 190X of 500, available from E.I. DuPont de Nemours & Company, Wilmington. DE), 22.7 grams of 
the cyan pigment (NBD 701 0, BASF, Holland, Ml), and 4.5 grams of aluminum stearate, one of the commercially 
used liquid developer charge adjuvant, Witco 22, (Witco Chemical Corporation, New York, NY), and 1,287 
granr^ of NORPAR 15® (Exxon Corporation) are added to a Union Process 01 attritor (Union Process Com- 
pany, Akron, Ohio) charged with 0.1857 inch (4.76 millimeters) diameter carbon steel balls. The mixture was 
milled in the attritor which was heated with running steam through the attritor jacket at 60 to 85''C tor 2 hours 
and cooled by running water through the attritor jacket to Id^'C and ground in the attritor for an additional 6 
hours. Additional NORPAR 15® was added and the mixture is separated by the use of a metal grate from the 
steel balls. The particle size was 7.0 microns for the V (50) (the volume weighted average particle size) meas- 
ured with a Malvern 3600E particle size analyzer. The dispersion was diluted to 2 percent solids and 343 grams 
of the diluted dispersion were charged to form negative particles by the addition of 0.7 gram of BASIC BARIUM 
PETRONATE® (Witco Chemical Corporation, New York, NY). The mobility of the toner was measured and the 
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result is presented hereinafter. 
EXAMPLE I 

5 Twenty-seven (27) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt 

index at 190**C of 500, available from E.I. DuPontde Nemours & Company. Wilmington. DE), 3 grams of the 
cyan pigment (NBD 7010, BASF, Holland, Ml). 0.61 gram of BONTRON E-88®, t-butylsallcyllc acid aluminum 
complex, (Orient Chemical Company. Japan), and 1 70 grams of NORPAR 1 5® (Exxon Corporation) were add- 
ed to a Union Process 01 attritor (Union Process Company, Akron. Ohio) charged with 0 1857 inch (4.76 mil- 

10 limeters) diameter carbon steel balls. The mixture was milled in the attritor which was heated with running 
steam through the attritor jacket at 70 to lOO^'C for 1 hour and cooled by running water through the attritor 
jacket to 18°C and ground in the attritor for an additional 4 hours. Additional NORPAR 15®. about 170 grams 
in all the Examples unless otherwise indicated, was added and the mixture was separated from the steel balls 
yielding 358 grams of 1.284 percent solids by weight. The particle size was 6 1 microns for the V (50) (the 

f 5 volume weighted average particle size) measured with a Malvern 3600E particle size analyzer The dispersion 
was charged by the addition of 0.460 gram of BASIC BARIUM PETRONATE® (Witco Chemical Corporation, 
New York. NY). The mobility of the toner was measured and the result is presented hereinafter in Table 1 . 



TABLE 1 



EXAMPLE 


ADDITIVE 


CONDUCTIVITY 
(pmho/cm) 


MOBILITY 
(10-i0m2/Vs) 


ZETA POTENTIAL 
(mV) 


Control 1 


None 


13 


-0.11 


-7 


Control 2 


Aluminum Stearate 


5 


-2.23 


-156 


Example 1 


BONTRON E-88® 


5 


-3.27 


-183 



The mobility of -3.27 x 10-^° m^/Vs Indicates a toner that will provide, for example, superior toner transfer 
efficiency, about 90 percent on a Savin 870 imaging apparatus as compared to 60 percent for the -2.23 mobility 
toner, thereby enabling images with better resolution, higher line resolution, and superior half toner dot reso- 
lution as compared to the liquid toner with a mobility of -2.23 x 1 0-^° m^/Vs. 

The higher mobility thus found in Example I compared to Controls 1 and 2 results In improved development 
and transfer. 

CONTROL 3 

Twenty-five (25) grams of NUCREL 59® (a copolymer of ethylene and methacrylic acid with a melt index 
at 190°C of 500, available from E.l. DuPont de Nemours & Company, Wilmington, DE), 6.3 grams of the ma- 
genta pigment (FANAL PINK™) and 1 70 grams of NORPAR 1 5®, carbon chain of 1 5 average (Exxon Corpor- 
ation) are added to a Union Process 01 attritor (Union Process Company. Akron, Ohio) charged with 0.1857 
inch (4,76 millimeters) diameter carbon steel balls. The mixture was milled in the attritor which was heated 
with running steam through the attritor jacket at 70 to 104*'C for 2 hours and cooled by running water through 
the attritor jacket to 23''C and ground in the attritor for an additional 4 hours. Additional NORPAR 15® was 
added and the mixture was separated by the use of a metal grate from the steel balls. To 538 grams of the 
mixture (2.8 percent solids) were added 953 grams of NORPAR 15® and 0.9 gram of BASIC BARIUM PET- 
RONATE® (Witco Chemical Corporation. New York, NY). The average by area particle diameter was 2.1 mi- 
crons measured with a Horiba Capa 500 particle size analyzer The mobility of the toner was measured and 
the image quality was assessed using a Savin 870 copier. The results are presented hereinafter 

CONTROL 4 

Twenty-five (25) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt Index 
at 190**C of 500 available from E.l. DuPont de Nemours & Company. Wilmington, DE), 6.3 grams of the ma- 
genta pigment (FANAL PINK™), 0.63 gram of aluminum stearate. available as Witco 22 from Witco Chemical 
Corporation, New York, NY, and 170 grams of NORPAR 15® (Exxon Corporation) were added to a Union Proc- 
ess 01 attritor (Union Process Company, Akron. Ohio) charged with 0.1857 inch (4.76 millimeters) diameter 
carbon steel balls. The mixture was milled in the attritor which was heated with running steam through the 
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attritor Jacket at 56 to 100**C for 2 hours and cooled by running water through the attritor jacket to 22'*C and 
ground in the attritor for an additional 4 hours. Additional NORPAR 15® was added and the mixture is sepa- 
rated from the steel balls. To 487 grams of the mixture (3. 1 percent solids) were added 1 ,004 grams of NORPAR 
1 5® and 0.9 gram of BASIC BARIUM PETRONATE (Witco Chemical Corporation, New York, NY). The average 
5 by area partide diameter was 1 .8 microns measured with a Moriba Capa 500 particle size analyzer. The mo- 
bility of the toner was measured and the image quality was assessed using a Savin 870 copier. The results 
are presented hereinafter. 

EXAMPLE 11 

10 

Twenty-five (25) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid witn a melt index 
at 190**C of 500, available from E.I. DuPont de Nemours & Company, Wilmington. DE), 6 3 grams of the ma- 
genta pigment (FANAL PINK"™*), 0.63 gram of BONTRON E-88® (Orient Chemical Company), and 170 grams 
of NORPAR 15<S> (Exxon Corporation) were added to a Union Process 01 attritor (Union Process Company, 

IS Akron, Ohio) charged with 0.1857 inch (4.76 millimeters) diameter carbon steel balls. The mixture was milled 
in the attritor which was heated with running steam through the attritor jacket at 58 to 106^C for 2 hours and 
cooled by running water through the attritor jacket to 23°C and ground in the attritor for an additional 4 hours. 
Additional NORPAR 15® was added and the mixture was separated from the steel balls. To 493 grams of the 
mixture (3 04 percent solids) were added 998 grams of NORPAR 15® and 0.9 gram of BASIC BARIUM PET- 

20 RONATE® (Witco Chemical Corporation. New York, NY). The average by area particle diameter was 1 .8 mi- 
crons measured with a Horiba Capa 500 partide size analyzer. The mobility of the toner was-measured and 
the image quality was assessed using a Savin 870 copter. The results are presented in Table 2. 



TABLE 2 



25 



EXAIMPLE 


ADDITIVE 


MOBIUTY 
(10-«m2/Vs) 


SOLID AREA 
DENSITY 


TRANSFER 
EFFICIENCY 


Control 3 


None 


-1.05 


0.61 


52 


Control 4 


Aluminum Stearate 


-1.51 


0.99 


67 


Example II 


BONTRON E-88® 


-1,71 


0.94 


69 



CONTROL S 

Twenty-eight (28) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt index 
at 190''C of 500, available from E.I. DuPont de Nemours & Company, NAHlmington, DE), 7 0 grams of the cyan 
pigment (PV FAST BLUE™), and 200 grams of NORPAR 15®, carbon chain of 15 average (Exxon Corporation) 
were added to a Union Process 01 attritor (Union Process Company, Akron. Ohio) charged with 0.1857 inch 
(4.76 millimeters) diameter carbon steel bafls. The mixture was milled in the attritor which was heated with 
running steam through the attritor jacket at 53 to 103^0 for 2 hours and cooled by running water through the 
attritor jacket to 17^C and ground in the attritor for an additional 4 hours. Additional NORPAR 15® was added 
and the mixture was separated from the steel balls. A portion of this mixture was diluted with NORPAR 15® 
to make 1,500 grams of a 1 .0 percent solids dispersion. To this was added 0,9 gram of BASIC BARIUM PET- 
RONATE® (Witco Chemical Corporation, New York. NY). The average by area particle diameter was 1 .94 mi- 
crons measured with a Horiba Capa 500 particle size analyzer The mobility of the toner was measured and 
the image quality was assessed using a Savin 870 copier The results are presented in Table 3. 

CONTROL 6 

Twenty-seven (27 3) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt 
index at 190''C of 500, available from E.I. DuPont de Nemours & Company, Wilmington, DE). 7.0 grams of the 
cyan pigment (PV FAST BLUE 0.70 gram of aluminum stearate, available as Witco 22 from Witco Chemical 
Corporation, and 200 grams of NORPAR 15® (Exxon Corporation) were added to a Union Process 01 attritor 
(Union Process Company, Akron. Ohio) charged with 0.1857 inch (476 millimeter) diameter carbon steel balls. 
The mixture was milled in the attritor which was heated with running steam through the attritor jacket at 58 to 
100**C for 2 hours and cooled by running water through the attritor jacket to ambient temperature and ground 
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in the attritor for an additional 4 hours. Additional NORPAR 15® was added and the mixture was separated 
from the steel balls. A portion of this mixture was diluted with NORPAR 15® to make 1,500 grams of a 1.0 
percent solids dispersion. To this was added 0 9 gram of BASIC BARIUM PETRONATE® (Witco Chemical Cor- 
poration, New York, NY). The average by area particle diameter was 1.99 microns measured with a Horiba 
5 Capa 500 particle size analyzer. The mobility of the toner was measured and the image quality was assessed 
using a Savin 870 copier. The results are presented in Table 3. 

CONTROL 7 

10 Twenty-five (25.0) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt in- 

dex at 190**C of 500, available from E.I. DuPont de Nemours & Company, Wilmington, DE), 6.3 grams of the 
cyan pigment (PV FAST BLUE™), 0.63 gram of BONTRON E-84® (zinc t-butylsa!icylate. Orient Chemical Com- 
pany) and 170 grams of NORPAR 15® (Exxon Corporation) were added to a Union Process 01 attritor (Union 
Process Company, Akron, Ohio) charged with 0 1857 inch (4.76 millimeters) diameter carbon steel balls. The 

IS mixture was milled in the attritor which was heated with running steam through the attritor jacket at 55 to 99''C 
for 2 hours and cooled by running water through the attritor jacket to 18°C and ground in the attritor for an 
additional 4 hours. Aditional NORPAR 15® was added and the mixture was separated from the steel balls. A 
portion of this mixture was diluted with NORPAR 15® to make 1,500 grams of a 1.0 percent solids dispersion. 
To this was added 0.9 gram of BASIC BARIUM PETRONATE® (Witco Chemical Corporation, New York. NY). 

20 The average by area particle diameter was 2.25 microns measured with a Horiba Capa 500 partide size ana- 
lyzer. The mobility of the toner was measured and the Image quality was assessed using a Savin 870 copier. 
The results are presented in Table 3. 

CONTROLS 

25 

Twenty-five (25.0) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt in- 
dex at 190^C of 500. available from E.I. DuPont de Nemours & Company, Wilmington. DE). 6.3 grams of the 
cyan pigment (PV FAST BLUE), 0.63 gram of LR-120 (Boron t-butylsalicylate, Nippon Carlit of Japan) and 170 
grams of NORPAR 15® (Exxon Corporation) were added to a Union Process 01 attritor (Union Process Com- 

30 pany, Akron, Ohio) charged with 0.1857 inch (4.76 millimeters) diameter carbon steel balls. The mixture was 
milled in the attritor which was heated with running steam through the attritor Jacket at 55 to 1 02°C for 2 hours 
and cooled by running water through the attritor jacket to le^'C and ground in the attritor for an additional 4 
hours. Additional NORPAR 15® was added and the mixture was separated from the steel balls. A portion of 
this mixture was diluted with NORPAR 15® to make 1.500 grams of a 1.0 percent solids dispersion. To this 

35 was added 0.6 gram of BASIC BARIUM PETRONATE® (Witco Chemical Corporation, New York. NY). The 
average by area particle diameter was 1.98 microns measured with a Horiba Capa 500 partide size analyzer. 
The mobility of the toner was measured ana the image quality was assessed using a Savin 870 copter. The 
results are presented in Table 3. 

40 EXAMPLE m 

Twenty-five (25 0) grams of NUCREL 599® (a copolymer of ethylene and methacrylic acid with a melt index 
at 190°C of 500, available from E.I. DuPont de Nemours & Company, Wilmington, DE), 6.3 grams of the cyan 
pigment (PV FAST BLUE™), 0.63 gram of BONTRON E-88- (aluminum t-butylsalicylate. Orient Chemical Com- 

45 pany) and 170 grams of NORPAR 15® (Exxon Corporation) were added to a Union Process 01 attritor (Union 
Process Company. Akron. Ohio) charged with 0.1857 inch (4.76 millimeters) diameter carbon steel balls. The 
mixture was milled in the attritor which was heated with running steam through the attritor jacket at 54 to 102^*0 
for 2 hours and cooled by running water through the attritor jacket to ambient temperature and ground In the 
attritor for an additional 4 hours Additional NORPAR 1 5® was added and the mixture was separated from the 

50 steel balls. A portion of this mixture was diluted with NORPAR 1 5® to make 1 ,500 grams of a 1 .0 percent solids 
dispersion. To this was added 0.9 gram of BASIC BARIUM PETRONATE® (Witco Chemical Corporation, New 
York, NY). The average by area particle diameter was 1 63 microns measured with a Horiba Capa 500 particle 
size analyzer. The mobility of the toner was measured and the image quality was assessed using a Savin 870 
copier. The results are presented In Table 3. 

55 
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TABLE 3 
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EXAMPLE 


ADDITIVE 


MOBILITY 
(10-10 mZ/Vs) 


SOLID AREA 
DENSITY 


TRANSFER 
EFFICIENCY 


Control 5 


None 


-0.65 


0.60 


39 


Control 6 


Aluminum 
Stearate 


-1.44 


1.20 


80 


Control 7 


BONTRON 
E-84* 


-1.10 


0.82 


53 


Control 8 


LR-120 


-0.61 


*Unaccep- 
table Mixture 

of Positive 
and Negative 


* Unaccep- 
table Mixture 

of Positive 
and Negative 


Example HI 


BONTRON 
E-88® 


-2.31 


1.31 


93 



25 



" Toner comprised of a mixture of negaiively charged toner and positively charged 
loncr. iherefore, these toners would provide unacceptable background development. 
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Claims 
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40 



45 



50 
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1. A liquid developer including a charge adjuvant comprising a metal hydroxy carboxyllc add. 

2. A liquid developer as claimed in claim 1, further including a liquid, thermoplastic resin particles, and a 
nonpolar liquid soluble charge director. 

3. A liquid developer as claimed in claim 1 or claim 2, characterized in that the charge adjuvant comprises 
an aluminum hydroxy carboxyllc acid, or mixtures thereof. 

4. A liquid developer comprised of (A) a nonpolar liquid having a Kauri-butanol value of from about 5 to about 
30 and present in a major amount of from about 50 percent to about 95 weight percent; (B) thermoplastic 
resin particles having an average volume particle diameter of from about 5 to about 30 microns; (C) a 
nonpolar liquid soluble ionic or zwitterionic charge director compound; and (D) a charge adjuvant conrv 
prised of aluminum hydroxycart)oxylic acid, the corresponding hydrates, or mixtures thereof. 

5. A developer as claimed in any one of claims 1 to 4, characterized in that the hydroxy acid charge adjuvant 
is an aluminum alkylsalicylic acid. 

6. A liquid developer as claimed in claim 2. claim 4, or in claims 3 or 5 when dependent on claim 2. charac- 
terized in that the resin particles comprise a copolymer of ethylene and an a, p ethylenicafly unsaturated 
acid selected from the group consisting of acrylic acid and methacrylrc acid; or wherein the resin particles 
comprise a styrene polymer, an acrylate polymer, a methacrylate polymer, a polyester, or mixtures thereof; 
or wherein the resin comprises a copolymers of ethylene and vinyl acetate, polypropylene, polyethylene, 
and acrylic polymers; or wherein the resin is comprised of a copolymer of ethylene, and acrylic or metha> 
cryllc acid, an alkyi ester or acrylic or methacrylic acid wherein alkyi contains from 1 to about 5 carbon 
atoms or a copolymer of ethylene, and methacrylic acid with a melt index at 190*^0 of 500. 

7. A liquid developer as claimed in claim 4. wherein component (A) is present in an amount of from 85 percent 
to 99.9 percent by weight, based on the total weight of the developer solids of resin, optional pigment. 
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and charge adjuvant which Is present in an amount of from about 0. 1 percent to about 1 5 percent by weight; 
and component (C) is present in an amount of from about 0.25 to about 1,500 milligrams/gram of the de- 
veloper solids comprised of resin, pigment, and charge adjuvant 

8. A liquid developer as claimed in claim 4 or claim 7, wherein component (D) is present in an amount of 0 
1 to 40 percent by weight based on the total weight of developer solids. 

9. A liquid developer as claimed in any one of claims 1 to 8. further containing a second charge adjuvant 
selected from the group consisting of polyhydroxy compounds which contain at least 2 hydroxy groups, 
an amino alcohol, polybutylene succinimides and metallic soaps. 

10. A liquid developer as claimed in any one of claims 1 to 9, wherein the aliphatic hydrocarbon is a mixture 
of branched hydrocarbons with from about 12 to about 16 carbon atoms. 

11. A liquid developer as claimed in daim 4. wherein component (C) Is an oil-soluble petroleum sulfonate; or 
wherein component (C) Is lecithin, and the resin is a linear polyester; or wherein component (C) Is a qua- 
ternary ammonium blocic copolymer compound. 

12. An imaging method which comprises forming an electrostatic latent image followed by the development 
thereof with a liquid developer as claimed in any one of claims 1 to 11. 

20 



25 



30 



35 



40 



45 



50 



55 



13 



BNSDOCID: <EP 0609003A1 J_> 



EP 0 609 003 A1 



European Paleot 
Office 



EUROPEAN SEARCH REPORT 



EP 94 30 0345 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catccoiy 


CitaiiMi of document frith indicatioat wbtn mil miiialii. 
of rdevaac pecsmcs 


RdevBDt 
to daiin 


cLAssmcxnoN op the 

ikPFUCAnON OMUCLSy 


X 
Y 


WO-A-90 14616 (COMTECH) 

* page 17, line 3 - 11ne 32; examples 
1-3,6-26 * 

* page 19, line 2 - line 14 * 

* page 21, line 20 - page 22, line 15 * 


1,3,5,8, 
12 

2,4,6,7. 
9-11 


G03G9/135 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 520 (P-963)(3868) 21 November 

1989 

& JP-A-01 211 771 (TOPPAN PRINTING) 24 
August 1989 
* abstract * 


1,3,12 




X 


DATABASE WPI 

Section Ch, Week 7742, 

Derwent Publications Ltd., London, GB; 

Class G06, AN 77-75153Y 

& JP-A-52 107 837 (RICOH) 9 September 1977 

* abstract * 


1, iZ 








TECHNICAL FIEUDS 
SEARCHED (IxLCl.5) 


X 


DATABASE WPI 

Section Ch, Week. 8240, 

Derwent Publications Ltd., London, GB; 

Class G06, AN 82-84731E 

& JP-A-57 139 753 (RICOH) 28 August 1982 

* abstract * 


1.12 


G036 


X.P 


WO-A-93 12471 (OLIN) 
* claims 1,5 ■ 


1.12 




Y 


EP-A-0 282 964 (DU PONT) 

* page 3, line 34 - page 5, line 44; 
claims 1-28 * 

-/-- 


2.4,6,7. 
9-11 




The ptcscat search npoK has been drawn up for an ctains 







THE HAGUE 



6 Hay 1994 



Vanhecke» H 



CATEGORY OF QTCO DOCUMENTS 



X : paiUculariy rdevaat if taken mliNM 
Y : putieuUriy ntmmai If conblaed «ll 

ioaimcBt off the sama category 
A : toctooloileal back^oiuii 
O : noiKfnittcD iisdosim 
P : tntcraiedlata loenaiait 



T : theory or priadple oadcriytag the lav«&tk>a 
E : earlier patent 4ocui»cat« but pyhUshed oo, or 

the filing tele 
D : iocnaoDt dtetf lo Che ipplire Hop 
L : AoGummt dte4 for other reuoiu 



a:ai 



of thai 



14 



BNSDOCID: <EP 0609003AtJ.> 



BP 0 609 003 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcsdoo NmriMV 

EP 94 30 0345 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cotcfonr 



CkatioB or tf ocument with indkadon, where appropriate, 
of rctevaat pm 



Rdevm 

Co « 



CUlSStnCATION OF THE 
AFPUCAT10N (IB1.CL5) 



US-A-4 702 984 (L.M.EL-SAYED) 
claims 1-21; examples 1-5 * 



2.4,6,7. 
9-11 



TECHNICAL mXDS 
SEARCHED QLct-CLS) 



Tbe present seardi report has beeo Onmi up for ell deims 





IM« tt^MlM Of tki •unh 




THE HAGUE 


6 Hay 1994 


Vanhecke. H 



CATEGORY OF OTTED DOCUBHEISTS 



X : yarticaamily rdnrut if 
Y : particnUily rdevut If 

tocmacBt at tb« un* catiqpiiy 
A : tedmelosieml beci|renA4 
O : BOD-^irtttcD disdosure 
P 



T : tbflofy or principle oatfcriytag tbe lawentlQa 
E : eviler psint tfocoiMBt, but pttMisM on, or 

■ftvtbeflUagdate 
D : tfocoBat dted In the ippikatto 
L : <ocaoi«Bt <lt«i for other rmxan 

A : Bcnbcr of ttie same patent faoiUy, coneipoeAtnf 



15 



BNSCXDCIO: <EP 06O90O3A1 J_> 



